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abstract
in the 19th century and the first half of the 20th century, terrestrial growth of
Asplenium trichomanes L. was mostly confined to the southern part of Limburg.
today terrestrial growth is almost confined to the Kuinderbos, a planted wood
in one of the reclaimed polders of the former Zuiderzee. the first plants
established 20 - 25 years after tree planting. the preference for Picea sitchensis
stands and a northeast exposure has not changed over 25 years. two
subpopulations have been monitored since 1988/1991. One of these
subpopulations decreased in size due to overgrowth by herbs and Rubus spp., the
other subpopulation increased after repeated thinning of the tree stand. the fern
plants appeared to be fertile at an age of three to seven years. Mortality was
highest in the juvenile phase. On average, plants died at six years old, though the
oldest plant is more than 25 years old. Careful management of the Picea
sitchensis stands is advised because with too much incoming light A.
trichomanes plants will be out-competed by other species of the herb layer.
Results of long-term monitoring of three populations (utrecht, Amsterdam and
Kuinderbos) were analysed. A negative effect of severe winters was evident. 
iNtroDuctioN
in the Netherlands A. trichomanes subsp. quadrivalens d.E. Mey. is primarily a wall
dwelling species. in the nineteenth and first half of the twentieth century, plants
growing in soil were found in the southern part of the Netherlands, where calcareous
soils are exposed at incursions (Weevers et al., 1948). Material was collected here for
the first time in 1887. At the beginning of the last century the species was not rare in
this habitat but subsequently it disappeared and after 1950 no terrestrial plants were
found. From 1977 soil dwelling plants have been recorded from the Kuinderbos. Some
were found in the Revebos (also in the province of Flevoland) and in the dutch dune
area (Buiten, 2001).
in the Kuinderbos A. trichomanes was only one of the numerous rare fern species
which colonised this planted woodland on a former sea bottom in the 1960s and 1970s.
in 1979 all sites were ecologically described (Bremer, 1980). At the same time,
monitoring was started in order to gain insight into temporal factors affecting this
species. this paper is focused firstly on the question as to how far the species has
changed its ecological niche at the Kuinderbos during 25 years, and secondly on the
demography of the species and its relation with the woodland management.
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the area 
the Kuinderbos is one of the woodlands planted after the reclamation of the
Noordoostpolder. Half of the area (c. 1100 ha) consisted in 1980 of stands of Picea
abies (L.) Karst. and Picea sitchensis (Bong.) Carr., sometimes intermingled with
Quercus robur L.. there is a lot of variation in soil composition: deposits of acidified
heavy clay, calcareous fine grained sand on peat (peat erosion area), moderately-
grained sand and Pleistocene sand. the peaty area has been drained by trenches up to
0.7 km/ha, with a total length of 240 km. their depth ranges from 0.4 - 1.5 m and are
usually positioned from northwest to southeast. the phreatic level is usually below the
bottom of these trenches. On trench banks, the fine-grained calcareous sand is exposed.
thinning of the woodland takes place once per five to eight years. in the area 28 fern
species were found, of which 10 species are in the Red List of threatened species
(Bremer, 1980 a, b). Asplenium viride Huds. and Polystichum lonchitis (L.) Roth. were
recorded here for the first time in the Netherlands (Bremer, 1981), while Polystichum
setiferum (Forssk.) Woynar was rediscovered here. Most of the rare species are
calcicole and linked with the calcareous fine sand exposed at the trench banks.
Materials aND MethoDs
in the period 1978 - 1988 most sites with Asplenium trichomanes were visited annually,
plants mapped and the number of plants counted. From 1988 and 1991 all plants from
high density sites were mapped more accurately and recognised by labels beneath the
plants. On a yearly basis these plants were visited at the end of August or the beginning
of September. the number of fronds per plant (n), the fertility and the maximum size of
fronds per plant (Lmax) were measured annually in the two plots (2 and 3 m² in size).
in spring the survival after severe winters was checked. Longevity has been calculated
on the basis of following individual plants from their establishment as sporelings. the
demographic data have been worked out by using projection matrices (Caswell, 1989).
the demographic data of various years have been pooled to construct one matrix due to
the low number of plants per year.
in this study the severity of the winters is summarised in the index of iJnsen as
follows: iJ =  (v/3632) x (y/310) x (z/9), where v is the number of days with frost
(minimum day temperature below 0°C), y the number of ‘icy days’ (maximum day
temperature below 0°C) and z the number of ‘very cold days’ (maximum day
temperature below -10°C) (iJnsen, 1991). Winters with iJ > 25 are considered severe.
temperature data were obtained from the Royal dutch Meteorological institute
(KNMi).
ecology
A number of ecological aspects could be compared for three periods: 1977 - 1982, 1983
- 1992 and 1993 - 2002. All plants were strictly linked with trench banks, where they
were rooting in the fine grained calcareous sand. At one location, plants were rooting in
a more coarsely grained sandy soil, mixed with calcareous fine sand. in the first period,
plants grew on steeper trench banks (69.2° ± 10.9°,  n = 13) than in the third period
(54.0° ± 20.0°,  n = 54)(t-test, df = 34,  p < 0,001) (table 1).  When comparing the sites
no difference in aspect could be assessed. there was a significant preference for a
northeast aspect during two out of three periods when considering individual plants.
When considering the sites there was no significant preference for a stand type, but
considering the plants, most of them were significantly more likely to be growing under
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Figure 1. Coverage of the herb layer in both subpopulations.
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Figure 2. the number of specimens of Asplenium trichomanes for both subpopulations
and the 1977 cohort in the Kuinderbos over a 30 year period. 
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Figure 4. Longevity of Asplenium trichomanes in two subpopulations in the
Kuinderbos.
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Figure 3. the relationship between age and the average maximum length of the fronds
per plant, based on data from both subpopulations. 
Sd = standard deviation.
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Figure 5. the age of plants in the transition from subadult to adult plant for both
subpopulations in the Kuinderbos.
Figure 6. Number of specimens in three dutch populations (based on Maes & Bakker,
2002).
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Figure 7.  Relationship between the number of ‘ice’ days (parameter of iJnsen) and the
change in population size [(no .in year t – no. in year t-1)/(no. in year t-1) * 100%] for
the three dutch populations: A: Amsterdam (linear function, significant), B:
Kuinderbos (quadratic function, significant), C. utrecht (quadratic function,
significant).
Picea sitchensis. At one site plants often grew at the edge of P. sitchenensis and Fagus
sylvatica avenues, but there was no significant preference (n = 12, X² = 3.49 n.s.).
during the first period A. trichomanes was growing in dense single cohort stands. in
1979 the cover of the herb layer was between 5 - 50 % (on average 18 %, n = 10).
Specimens were growing with other fern species such as Dryopteris filix-mas (L.)
Schott), D. dilatata (Hoffm.) A.Gray,  D. carthusiana (Vill.)H.P.Fuchs, Athyrium filix-
femina (L.) Roth., Gymnocarpium dryopteris (L.) Newm. and Asplenium
scolopendrium L. during the third period most plants were concentrated in the two
monitored plots. At one plot (designated as L 72) Dryopteris dilatata, D. filix-mas and
Athyrium filix-femina were the accompanying species. Brambles (Rubus flexuosus, R.
idaeus) were able to increase after gap formation in 1990 (Figure 1). Circaea lutetiana
also invaded the plot and contributed considerably to the coverage. At the other site
(designated K 23) Asplenium trichomanes has been accompanied only by Dryopteris
dilatata, D. filix-mas, Athyrium filix-femina, Gymnocarpium dryopteris and Asplenium
scolopendrium. At this site there was less incoming light (< 5 %) (Fig. 1).
Demography
Number of plants
during the first inventory of the Kuinderbos in 1979, 11 adult plants were recorded at
various locations. Only one plant of this cohort survived for more than 25 years. there
was a decline in population size in the period 1977-1981 (Fig. 2). during the severe
winter of 1978/79 sites with A. trichomanes eroded and plants ended up at the bottom
of the trenches and drowned in a 10 - 20 cm depth of water. in the period 1981 - 1984
recruitment took place around one adult plant forming a small subpopulation. this
subpopulation (L 72) decreased in the second half of the 1980s. After 1988, recovery
took place, producing an increase in population size until 1993, followed by a constant
decrease. A second subpopulation (K 23) came into being by the same process,
recruitment in the spore shadow of an adult plant. in this subpopulation the number of
plants increased gradually after 1994. together the two subpopulations account for
more than 90 % of the whole Kuinderbos population.
the relation between maximum length of frond per plant (Lmax) and age has been
worked out in order to reconstruct the colonisation of the Kuinderbos by A.
trichomanes. We found that Lmax saturates after six years of growth (Fig. 3). Based on
the curve and yearly measuring of Lmax the first establishment in the area took place
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Tree layer % Sitka Aspect
Period n loc n ex n loc X² n ex X² n loc X² n ex X²
NE SW NE SW
1973- 1982 16 23 43.7 78.3 *** 7 5 - 17 5 -
1983-1992 12 56 50.0 92.8 *** 5 2 - 46 3 ***
1993-2002 5 83 40.0 96.8 *** 3 5 - 78 5 ***
table 1. the preference for stands of Picea sitchensis and exposure for three periods
in the Kuinderbos. 
n loc = number of locations, n ex = number of specimens.  *** = p < 0.01.
NE = aspect to northeast, SW = aspect to southwest
in 1974 or even earlier. it cannot be excluded that the first plant had established by the
end of the 1960s when in fact all the Picea sitchensis stands were in a dense stage. this
means that the colonisation could have been started within 20 years of planting the
woodland.
Changes in population structure
Within a population, various phases can be distinguished (table 2). Sporelings have
been defined on the basis of Lmax and age. under certain circumstances this phase can
be longer than one year. the difference between juvenile and sub-adult phase is based
on Lmax. the number of fronds per plant also indicates a plant becoming larger,
because the number of fronds per plant and Lmax are strongly correlated (n = 235, r =
0.67  p < 0.001). However, only Lmax is used for the classification. Plants were
designated as adult plants when they had sori able to produce spores. Post-adults
comprise adult plants which became sterile. table 3 summarises the changes for the
phases of both subpopulations (period 1993 - 2002).
in the L 72 subpopulation 190 transitions were assessed in a period of 10 years.
table 3 indicates transitions between various phases. Most important is the transition of
adult plants remaining adult (65 % of all transitions). there is a limited rejuvenation in
this population. Six percent of the transitions comprise the transition from adult to post
adult, indicating less vitality. l (lambda) has been calculated as 0.9, also indicating a
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table 3. the projection matrices with transitions summarising the observations
made during 9-10 years.
Year t
s j sa a pa
Year s 3 0 0 0 0
t + 1 j 25 11 0 0 0
sa 3 8 12 0 0
a 2 6 7 51 0
pa 0 0 0 0 0
mortality 8 3 4 6 0
total 41 28 23 57 0
K 23: numbers 1988-2001
Phases L max (cm) Remarks
Sporelings <1.5 Usually less than one year old
Juvenile plants 1.5 - 4
Subadult plants > 4
Adult plants - at least one frond with ripe sori
Post adult plants - plant was previously fertile
table 2. the definition of the phases used in the study on Asplenium trichomanes.
Lmax = maximum frond length per plant.
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Year t
s j sa a pa
Year s 0.07 0 0 0.59 0
t + 1 j 0.61 0.39 0 0 0
sa 0.07 0.29 0.52 0 0
a 0.05 0.21 0.3 0.89 0
pa 0 0 0 0 0
mortality 0.19 0.11 0.17 0.11 0
total 1 1 1 1 0
K 23: transitions 1988-2001
l = 1.11
Year t
s j sa a pa
Year s 0 0 0 0 0
t + 1 j 3 6 1 0 0
sa 0 7 4 0 0
a 0 0 7 119 5
pa 0 0 0 15 11
mortality 3 6 2 11 3
total 6 19 14 145 19
L 72: numbers 1991 - 2001
Year t
sp j sa a pa
Year s 0 0 0 0.09 0
t + 1 j 0.5 0.32 0.07 0 0
sa 0 0.37 0.29 0 0
a 0 0 0.5 0.8 0.3
pa 0 0 0 0.1 0.6
mortality 0.5 0.32 0.14 0.1 0.2
total 1 1 1 1 1
L 72: transitions 1991 - 2001
l = 0.91
s = sporeling, j = juvenile, sa = subadult, a = adult, pa = postadult.
A projection matrix gives the changes from one demographic phase to another on a
yearly basis. in this study the various years have been summed up in one matrix due
to the low number of plants recorded per year.
decrease  in population size (Caswell, 1989). in the K 23 subpopulation 162 transitions
were assessed. Here the transition of adults remaining adults is less important (31 % of
all transitions). there is a high proportion of the first three phases and transitions
between them. No adult plants became post-adult plants. l of 1.12 indicates a growing
subpopulation.
Longevity
Longevity was calculated for those plants where the time of establishment was known
(Fig. 4, n = 52). in the K 23 subpopulation, longevity was on average 3.7 years, in the
L 72 subpopulation on average 5.3 years (whole population on average 4.8 years).
Longevity per plant is skewed; many plants live for a short time, few plants become old.
there was no significant difference between the two subpopulations (X² = 4.99, df =
10,  p > 0.05). 
Fertility
With a demographic investigation it is possible to calculate the time between the
sporeling phase and a plant becoming fertile (adult). the adult phase is of importance
because by producing spores a population can disperse. Plants can be fertile within two
or three years, but for other plants this pre-fertile period can extend to eight years. On
average plants are adult at an age of 4.7 years. there was no significant difference
between the two subpopulations (Fig. 5) (X² = 3.18, df = 3,  p > 0.05). 
other populations monitored
Monitoring of A. trichomanes has also taken place in the cities of utrecht (1
subpopulation) and Amsterdam (11 subpopulations) by annual counting (Fig. 6) (Maes
& Bakker, 2002). in these and other dutch cities, A. trichomanes grows on walls beside
canals. No individual monitoring has taken place. in Amsterdam more subpopulations
were monitored, but these were excluded as population size was negatively influenced
by wall cleaning or restoration.
in all populations there are significant (quadratic) correlations between the yearly
change in number of plants and the severity of the winter. in both cities, but especially
Amsterdam, there was a decrease after the severe winter of 1995/1996.  the severity of
the winter has been calculated with the parameter of iJnsen. Figure 7 indicates a
negative correlation between population change and the parameter of iJnsen, with
greater than 30 indicating the negative effect of severe winters. this effect is most
notable in Amsterdam and the Kuinderbos.
DiscussioN
A terrestrial population of Asplenium trichomanes colonised the Kuinderbos in the
1970s. then the species was known only on walls and for a long time had not been
recorded as rooting in the soil. in the first half of the twentieth century, terrestrial
growth took place at incursions in the southern part of the Netherlands where marl soils
are exposed but loamy soils predominate. the soils may have been acidified and as the
incursions became more overgrown less erosion took place so that no marl came to the
surface. But other unknown factors could have played a role as well. 
As plants established in the Kuinderbos, stands of Picea spp. were in a dense phase
and the herb layer suppressed. it seems most likely that the colonization started in the
first half of the seventies. in 1972/1973 heavy storms damaged parts of the Kuinderbos.
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in combination with thinning there was a sudden improvement of the light regime,
enabling ferns (not only A. trichomanes) to germinate, as light was the limiting factor.
Various plants colonised the area independently, as all plants were in their adult phase
when recorded in 1977. this first generation suffered damage after heavy rainfall at
Pentecost 1979 (Bremer 1980a) as trench banks eroded. Other fern species also suffered
losses but to a lesser extent than A. trichomanes. 
two subpopulations were monitored, designated as K 23 and L 72. At K 23, A.
trichomanes thrived optimally, with 3 - 5 % of the light cast on the herb layer,
surrounded by an open vegetation of ferns. there was thinning in 1993 with subsequent
recruitment in 1994. the same process took place in 1999/2000. A sudden increase of
light stimulates recruitment. Recruitment took place on eroded patches, often in a
vegetation of Fissidens bryoides (Pellia endiviifolia - Fissidens bryoides type, related
to the Fissidentietum taxifolii; Bremer 1999). At L 72 there was a major recruitment
surrounding a founder plant at the beginning of the 1980s. By gap formation (due to a
storm in 1990) there was a strong increase of the light fall and A. trichomanes became
overgrown by Rubus idaeus, Rubus flexuosus and Circaea lutetiana. in order to monitor
this site, these plants were clipped annually. through this form of management the fern
population did not fade away (without management it would probably have
disappeared).
it is difficult to explain why A. trichomanes was and is rare in the Kuinderbos.
during the same period A. scolopendrium increased in number to c. 13,000 specimens
in 2002. Although A. trichomanes prefers the steeper trench banks, there are still
numerous apparently suitable sites where it is absent. in its wall habitat, A.
scolopendrium is also much more common than A. trichomanes.
the longevity of A. trichomanes appears to be restricted. Only a minor part of the
population is older than 10 years. in contrast, in the Kuinderbos, some plants of
Polystichum setiferum are more than 25 years old. Polypodium vulgare (L.) Kuhn) is
also long-lived, while clones of Pteridium aquilinum L. can live for centuries (den
Ouden 2000). in plant nurseries ferns can be fertile within a year after sowing but in the
field this takes longer. 
in the Netherlands three populations were monitored for a long period (Amsterdam,
utrecht and Kuinderbos). the parameter of iJnsen seemed to be correlated with the
population change per year. Severe winters have a significant impact on these
populations, although necrosis could not be assessed. in moderate winters frost does not
have any impact. Asplenium scolopendrium is much more sensitive under the same
circumstances. in this species there was necrosis indicating damage even in moderate
winters. Bremer et al. (1984) showed differences between these species in phospholipid
content in winter, probably correlated with sensitivity to frost.
the terrestrial sites with A. trichomanes can be sustained when there is an extensive
thinning management in the Picea sitchensis stands; this means thinning every 7 - 10
years, and governed also by the coverage of the herb layer. By cutting ca. 20 % of the
trees at the same time, the canopy can recover in some years, restoring the light climate
to 3 - 5 % of the incoming light reaching the herb layer. With a light fall of more than
5 %, Urtica dioica and Rubus spp. can invade and out-compete rare fern species. For
the future, both subpopulations will be managed as described above. Picea sitchensis is
an exotic tree species. Without any human interference, the species will be replaced
over time by Acer pseuoplatanus and Fraxinus excelsior and at some sites even by
Fagus sylvatica. 
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As the area with Picea sitchensis is decreasing there is a possibility that A.
trichomanes will disappear from the area. However, as the trench habitat will survive
these changes and the pH of the fine grained sand will be sustained, there will always
be a chance of spontaneous (re-)establishment of A. trichomanes.
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